STUDY AREA AND METHODS
Study area.--The study was done in two woodland areas (Sinober and Brenna plots) near Oslo in southeastern Norway during the breeding seasons of 1991 and 1993. The study areas consisted of a mixture of deciduous and coniferous forest of varying degrees of openness. Only males were tested, and they were unmated and defended one or more nest boxes. If a male defended more than one nest box, the trial was done at the preferred nest box of that male as judged by daily observations. Caged birds.--To test the influence of plumage color, we presented Pied Flycatchers in a wire netting cage (24 x 33 x 35 cm; netting diameter 1.6 mm, spacing 1.3 cm) at varying distances from a nest box and recorded the time elapsing until response by the resident male. In 1991, two different males, both of color score 3 (Drost 1936), and two different females were used in the cage. The Drost color score classifies male plumage color on a scale from 1 (bright) to 7 (dull). Males with scores of 1-3 can be described as bright with contrasting black-and-white plumage, whereas males with scores 5-7 are dull brownish and femalelike. In 1993, two bright males (both of color score 1.5) and two dull males (color scores 5 and 7) were presented. In addition, we presented two males that originally had a dull plumage (color scores 5 and 6.5) but were dyed black with Nyanzol dissolved in 10% hydrogen peroxide in order to resemble bright males. The painting made brown parts of the plumage black, but because the whitish patches of dull males are not as large and pure white as those of bright males, the black-painted males had less contrasting plumage than naturally bright males.
The 10 caged birds were captured shortly after arrival on the breeding areas. They were held in captivity during the period of presentations and released afterwards. During most of the time in captivity, the birds were kept in wooden cages with a front of wire netting, and they were given unlimited access to mealworms and water. The birds were put in the wire netting cages during presentations and were provided with mealworms. During presentations they behaved calmly and gave no calls but moved around in the cage. As far as we could judge, all birds behaved similarly in the cage.
Presentations.--The cage was fixed to the trunk of a tree about 1.5 m above the ground and was covered with a blanket connected to a string. The observer was positioned at a distance of about 20 m from both the cage and the nest box of the male to be tested. After fixing the cage in place, the observer waited at least 3 min before starting the experiment by pulling the string and exposing the cage. We required that the test male was in normal song activity and close to the nest box (less than about 10 m away) for the experiment to start. The time elapsing until the male responded to the caged bird was recorded. Unmated male Pied Flycatchers respond to caged birds with bright plumage (bright males or black-painted birds) with aggressive behaviors that include flying to the cage, whereas they respond to dull birds (females or dull males) with courtship behaviors that include flying to the nest box opening and giving enticing calls (Slagsvoid and S•tre 1991, S•tre and Slagsvoid 1992). We used either of these two responses as evidence that the male had discovered the caged bird. The duration of each trial was 30 min. If the male had not responded within that time, then we assumed that the caged bird had not been discovered. We excluded trials where other Pied Flycatchers appeared.
In the first experiment (1991), the cage was placed In the 1991 experiment, some males were tested more than once (see above). To avoid pseudoreplication, we also performed the correlation analyses with a reduced sample size, including each male only once for each sex of the caged bird (the first trial).
The use of only a limited number of caged birds in presentations also could be a source of pseudoreplication. We restricted the number of caged birds for ethical reasons, because keeping them in captivity sometimes prevented them from breeding during that year. Using different caged birds in every trial would have required 175 caged birds, whereas we used a total of 10 birds. However, as stated above, there was no evidence that the resident males reacted differently to individual caged birds. Therefore, this kind of pseudoreplication probably did not bias our resuits.
In the 1991 experiment, we controlled for the effect of habitat when analyzing the effect of distance (and vice versa) by using Kendall partial rank-order correlation (Siegel and Castellan 1988). Although we wished to control for the effect of distance and habitat simultaneously to assess the independent effect of plumage color, no nonparametric test is available for such tests. Instead, we performed a three-factor ANO-VA to obtain an idea of the relative effects of plumage color, distance, and habitat on the time to response. Because of unequal sample sizes and differences in distribution of variables, the data violate the assumptions of ANOVA, but they may nonetheless provide some useful insight. To avoid missing cells, the distance variable was grouped into two levels, short (5 and I0 m) and long (20 and 40 m) distance. If the resident male did not respond to the caged bird during the trial (30 min), the time to response was assigned an arbitrary value of 31 min. The time to response was log-transformed to approach a normal distribution. We also performed ANOVAs with arbitrary values of 60 min instead of 31 min for trials with no response, but the results were similar. ANOVAs using each male only once (to avoid pseudoreplication) against caged males and females, respectively, produced results similar to the total data set.
RESULTS

RESPONSE INTENSITY
In the 1991 experiment, the response intensity of resident males to caged males was unaf- First, field observations of resident males during trials suggested that they often first responded after having moved to a position where the caged bird was easier to see, and then the response followed almost immediately. It was quite rare that a resident male responded after having perched in one place for some time. However, we did not record and quantify this systematically, which should be done in future studies.
Second, the results showed that the response intensity toward caged males was not related to distance or habitat, which might have been expected if motivation differed. The results concerning response intensity toward caged females showed that habitat had no effect, whereas response intensity decreased with distance. Thus, the effect of distance on time to response with caged females may have been caused by a low motivation to respond to females at long Thus, differences in response in relation to color could be caused by differences in motivation to respond to a bird that is perceived as a male versus a bird that is perceived as a female. We cannot completely rule out the possibility that it is important to respond more quickly to an whereas bright males, painted females, and painted dull males are responded to with aggression. Thus, differences in response probably are an effect of color, not of the real sex of the caged bird. Even so, we used only caged males in the 1993 experiment to avoid possible sex differences in the behavior of the caged bird. We used both bright and dull males, and in addition used a black-painted dull male to control for any behavioral differences between bright and dull males. The results showed that bright males elicited faster responses than dull ones. However, in this experiment this difference was evident only in the closed habitat, in contrast to the first experiment where the difference was found only in the open habitat.
The surprising difference in interaction between plumage color and habitat in the two experiments is difficult to explain. One possibility is that there was an interaction between plumage color and the color pattern of the back- Males also may benefit from a bright plumage color in the context of territory defense because the bright plumage may signal the presence of territory owners. This would be advantageous if intruders often retreat once they discover that a territory is already occupied (Slagsvoid and Lifjeld 1988). In contests over territory ownership, residents often will have an advantage (Maynard Smith and Parker 1976), and owners may therefore often avoid conflicts simply by signaling their presence to intruders.
The results also may have implications for the relation between plumage coloration and predation. Slagsvoid et al. (1995) found that among Pied Flycatchers, predation risk from Eurasian Sparrowhawks (Accipiter nisus) is highest on bright males. This makes sense if a bright plumage increases conspicuousness to the sparrowhawk as well as to conspecifics. Bright males may suffer more predation simply because they are more easily detected. A rigorous test of this hypothesis should measure how quickly the sparrowhawk itself discovers bright and dull males. However, studies with stuffed Pied Flycatchers showed that sparrowhawks and other predators attack dull mounts more often than bright ones (G6tmark 1992, 1993, 1995) , as suggested by the unprofitable prey hypothesis (Baker and Parker 1979). In these experiments, the bright and dull models were placed on exposed sites and/or near each other so that the predator may have discovered both models very easily and almost simultaneously (see G6tmark 1995 for alternative interpretations of his experiments). Thus, it is still possible that live bright males are more conspicuous to sparrowhawks than are dull males under natural conditions, but this requires further study.
In conclusion, the results of our study suggest that a bright and contrasting coloration increases conspicuousness to conspecifics. This conclusion has implications for the evolution of bright plumage and/or sexual dichromatism in relation to mate attraction, territory defense, and perhaps predation. However, we need more detailed studies to be able to explain the difference in interaction between color and habitat observed in the two experiments. There also is a need for similar studies using a predator such as the Curasian Sparrowhawk as the receiver of the signal.
